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830 Power Building
TEhli'LESSEE VALLEY AUTHORlTY

CHATTANOOGA~ TE.1NE55EE 37401

November 28, 1977,

Mr. Edson G. Case, Acting Director
Office of Nuclear Reactor Regulation

„-U.S ..Nuclear,,Regulatory., Commission,
Washington, DC 20555

Dear Mr. Case:

In the Matter of )
Tennessee Valley Authority )

Docket Nos. 50-259
50-260
50-296

Enclosed is a response to your letter dated November 18, 1977,
to Godwin Williams, Jr., concerning "Electrical Connector
Assemblies" referenced in the IE Bulletins 77-05 and 77-05A,
dated. November 6 and November 15, 1977, respectively. Also
included in the response is TVA's Justification for continued
operation of the faci'ties without creating undue risk to
the health and safety of the public.

V

I

ry truly yours,

J. E. Gilleland
Assistant Manager of Power

Enclosure





RESPONSE TO NOVEMBER 18, 1977, LETTER
FROM EDSON G. CASE TO GODWIN WILLIAMS, JR.

"ELECTRICAL CONNECTOR ASSEMBLIES"

This response -.provides';the environmental qualification information

for the electrical connectors used in the Browns Ferry Nuclear Plant,

as requested, by the November, 18, 1977, letter from Edson G. Case. to
4

Godwin Williams,. Jr.,„which references IE Bulletins. 77-05 and 77-05A,

dated November 8 and November 15, 1977, respectively. Also, this

response includes TVA's justification for continued operation of the

facilities without creating'undue risk to the health and safety of the

public, This response is divided into the following:

Part I - Identification of Systems, Components, and Associated
Electrical Connectors Required to Function to Mitigate
Design Basis Events.

Part II - Environmental Qualification of Electrical Connectors

Part III - Justification for Continued Operation

C



Part X

Xdentification of Systems, Components, and Associated
Electrical Connectors Required to Function

to Mitigate Design Basis Events
, ~ 'ca, ra

I

Table I lists the safety systems and components required to function

to mitigate a postulated design basis event or accident outside containment.
4

Those systems-containing electiic'al connectors are so designated in this

table. These systems or portions of systems and components have been

categorized as being either inside pximary containment or outside primary

containment. Table 2 lists those electrical connectors for each Bxowns

Ferry unit that are inside the primary containment and are a paxt of a

safety system as listed in Table 1. Table 2 identifies the electrical

penetration thxough the primary containment that each electrical connector

is located on, the type of connector, the number of wires to the connector,

the system whose circuits pass through the connector, the system component

associated with the circuits, and the function of the circuits. Table 3

lists those electxical connectors for all three Browns Ferry units that

are outside the primary containment and are a part of a safety system cixcui.t.
I

Only those safety systems which are required to function to mitigate a

postulated design basis event or accident outside containment where the

event itself could adversely affect the ability of the system to perform its

safety function have been considered and listed'n Tables 2 and 3.

For units 1 and 2, only one type of connector is used inside the primary

containment in the identified saxety circuits. This connector was supplied

by Physical Sciences Corporation and is an integral part of the penetration.

Xt has 48 pins, has gold-plated surfaces on both the pins and the female

receptacles, utilizes a Neoprene '0'ing as a sealing surface where the

plug shell and receptacle shell interface, and has the insulated conductors

potted in the shell. Both the plug shell and the receptacle shell are metallic.





For unit 3, two types of connectors are used inside the primary

containment in identified safety circuits. These were supplied by

Bendix-and:. are similar to each other in design:

Part No. 10-214636-78S 'or P, 14 contacts (2Nos.16, 12Nos.8);

. and Part No. 10-214628-51S or P, 12.contacts (Nos..12).

,..., The types of. connector@.used. outside;.of the primary containment in .

identified safety circuits are of various types as shown in Table 3.

1
~ ~



TABLE 1
Page 1 of 3

SYSTEMS AND COiPONENTS REQUIRED TO FUNCTION TO
MITIGATE DESIGN BASIS EVENTS

I. INSIDE PRL%lRY COPZAXHME2lT (+ Denotes Systems with Connectors)

inboard; Main Steam Isolation. Valve Circuits

~Automatic Depxessurization Relict'a3ve Circuits

Qnboara Containment Isolation Valve Cixcuits (See note 1)

~pen: ind,'H'ydrogen'onitoriing'Systems

suppression Pool to Drywell Vacuum Breakers

recirculation System Suction and. Discharge Valves {See Note 3.)

Residual Heat Removal System Head. Spray Plow Contro3., Valves (See Mote 3.)

"High Pressure Coolant Injection System Steam Supp Valve (See Note 1)

reactor Core Isolation Cooling System Steam Supp'alve (See Mote 1)

XI. OUTSIDE PR33QRY COÃZAXK~T

A. Inside Secondary Containment (* Denotes Systems with Connectors)

%fain Steam Isolation Valve Circuits (See Note 2)

~Automatic.33epressurization Re3.ief Valve Circuits (See Note 2)

'"Containment Isolation Valve Circuits (See Mote 2)

'Oxygen: and. Hydxogen: Monitoring Systems (See Note 2)

4 IQl and. 480 V Board.s (See Note 3)

Dies'el Generations 'and.'Process Auzi3.i'ari;es (See Mote 3) '

KV and. 480 V System Circuits

250 VDC System Circuits

Control l3ay Ventilation System Cixcuits (See Note 4)

Corner Room (Elev $19) Leve3. Switch Circuits (See Note ~p)

'Radiation Monitoring Systems
"- Main Steam Vault
~- ]<IIR l>'<J EJTt.vent
+» l(l)CC'8

*- lillH ]ljTlucnt



Diesel-Generator Shutdown Board Room VentiXation System Circuits
(See Not 4)

*RCIC Cixcuits (See Note 6)

Circuits fox 0ther Essential Systems (See Note 7)
*- Automatic Depressurization System
*- Primary Containment Isolation

» 'Containment Xnerting

, . -'= -,.Reactor. Bui1cLi.ng Isolation...,
-.,Reactor Building Vacuum- Relief
- Standby Gas Txeatment
- RHR

- KGB'
RHR Room Coolers

» ZECW

» CS

- CS Room Coolex s

HPCI

Reactor Protection System (Excluding Neutron Monitoring System, Control
Rod Drive and Position Indicating Systems)Reactor Building Closed Coo1ing lkater

Fuel Pool Cooling
Reactor Mater Cleanup (Isolation Function 0~)
Torus Mater Level and. Temperature

B. Coabrol Bay

The control bay environment is controlled. by the control bay ventilation

. '- system. The environment for equipment withir. the control bay is no more

sevexe during design basis events than that uo which it is exposed. during

normal unit operations.

C. Unit 1, 2, and. 3 Diesel-Generator Shutdown Board Rooms

~ The diesel-generator shutdown board. room environments are controlled.

by the board. room ventilation systems. The environment for equipment

within these board rooms is no more severe during design basis events

than that to which they are exposed dur'ng normal unit operation.
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TABLE 1 (CONT.)

Notes:

3. ~ Connections at motor operated valves were excluded since these connections

were qualified. in conjunction with qualification of the valves and.

associated motor operators.

20 Circuits for any safety-related. components outside containment were

investigabed..- In addition, circuits outside containment serving safety-..

re3.ated. components which are located. inside containment were investigated..

3. Failure of these components that are required. for on««power

distribution was ~zed. previous3y. See "Concluding Reporb on

the Effects of Postulated. Pipe Fai3ure Outside of Containment for Unit 3.

of the Browns Ferry Nuclear Plant"'ED«TM-PF3. (October 3.5, 1973) and.

"Concluding Reporb on the Effects of Postulated. Pipe Failure Outside of

Containment for the Browns Ferry Nuclear Plant Units 2 and. 3"

DED-Ti~i-PZ2 (March 3., 3.974).

These circuits were investigabed. for any exbensions outside of the

control bay or shutdown board. 'rooms into the bound. aries of secondary

containment.

5 ~ These rooms contain vitaL HPCX, RCIC~,-CS, and. RHR equipment. The

level switch circuit" investigabed. are those which warn of flooding

interna3. to,these, rooms.,

6. In terms of function and. objective, the RCIC system'is not actually a

74

safety system. However, with regard. to engineering analyses,

fabrication, and. erection processes, and. quality assurance, control

and. documerrbation, this system received. tne same attention as the

safety-related systems. For this reason, RCIC was evaluated. using the

same criteria as for the safety-related. systems.

The investigation includes any wall sockets or wali. power oublets

associated. with those circuits.
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TABLE 2

UNIT 1 - PENETRATION CONNECTORS INSIDE.PRI fARY CONTAIAKNT

FACTURER — PHYSICAL SCIENCES, 48 PIN, NO. 12

PLUG NO. 6448-2
RECEPTACLE NO. 6445-2

Penetration Connector
No. * No.* Evstem,

'l

Recirculation Discharge

Comoonent

FCV-68-79EB G2-2G
Recirculation. Suction FCV-68-.77

~ .'-".- .. ".,s.Recirculation Discharge.. ZCV-68-,79.

Function

Logic
Logic'ogic.,

No. of
Wires

7"
7

..;. 2--. ~
'

63-36 Relief Va3.ve
Recixculation Discharge
HPCI Steam Suoply

PSV-1«30 Power
FCV-68-79 Logic
FCV-73-2 Logic

2
2
7

65-56

G7-76

G8-8G

RHR Head. Spray
Recirculation Sampling
MS Drain
WCU Letdown

Relief Valve

Main Steam Isolation
Main Steam Isolation

Main Steam Iso3.ation
Main Steam Isolation
Main Steam Isolat'on
Ma-n Steam Isola ion
RHR Letdown Suooly

FCV-74-78
FCV-43-13
FCV-1-55
FCV-69-1

PSV-1-5

FCV-1-14
FCV-1-37

FCV-1,-14
FCV-1-26

. FCV-1-37
FCV-3.-51
F C r-74-48

Logic
Power & Logic
Logic
Logic

So3. Va3.ve Power

Logic
Logic

Power & Logic
Power & Log c
Power & Logic
Po;rer & Log'c
Power & Logic

st'

7
7

2
2'

9
9
9

EC

lt

~ G9»9G RHCU Letdown

64»46 . Re3.i.ef Valve
Relief Va3.ve

ZS-69-1

PSV-1»3.9
PSV-1»31

Logi.c

Power
Power

4

2
2

69-9G, Main Steam Isolation
Main Steam Isolation
Relief Valve
Relief Va3.ve

FCV-1-14
FCV-1-26
PSV-1-22
PSV-3.-34

L'ogic;
Logic
Powex
Power

2'

2
2

ED ,J3-3J'2E
02E

HE 76-39 Instrumentation
0~ 76-43 . Ins~rumenta ion

G4-46 RHR Letdown Suooly
RCIC Steam Suooly

FCV-74-48
FCV-71-2

Logic
Logic

4
7

G6-66 Drywell Eauipment Sump FCV-77-143 Power & Logic

G7»7G Main Steam Isolation
Main Steam Isolation

FCV-1-26
'CV-1-51

Logic
Logic

2
2





t~ TABLE 2 (CONT.)

'UNIT 1 — CONNECTORS INSIDE CONTAINMENT

Eage 2 of 6

Penetration Connector
No. No.* ~Eseem. Comoonent Function

No.
of'Lres

, G8-8G

G9-9G

Main Steam Isolation , FCV-1-37
Main Steam Isolation FCV-3.-$1

Recircu3.ation Suction , FCV-68-1
Recirculation Discharge FCV-68-3

Logic
Logic

Logic
Logic

2
2

7ll

s „~
+The penetrations"have connectors on both ends, only 'the inboard connectors are
listed since they experience the vorst environment.
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TABLE 2 (CONT.)

UNIT 2 PENETRATION CONNECTORS INSIDE PRIMARY CONTAINeeNT
MANUFACTURER - Pl|YSICAL SCIENCES 48 PIN NO. 12

PLUG NO. 6440-2
RECEPTACLE NO,'445-2

Penetration 'Connector'o. No.* Slrstem ~Com onent Fnnctton
No. of
'tlines

EB G2-2G

.'.„.
'3«.3G:,'ecirculation Discharge PCV-68-79

Relief.,Valve:.. -:.: . -.;PSV-1-30
HPCI Steam Supply FCV«73-2

Recirculation Discharge FCV-'68-79
Recirculation Suction FCV-68-77

Logic
Logic
Logic

Power
Logic

7
7.
2

RHR Head Soray
Recirculation Sampling
Main Steam Drain
RMCU Letdown

FCV-74-78
'FCV-43-3.3
FCV-1-55
PCV-69-1

Logic
Power 5 Logic
Logic
Logic

7

7
7

4»6G Relief Valve PSV-1-5 Power

EC

G7-7G

G8-8G

G9-9G

G4-4G

G9-9G

G4-4G

Main Steam Isolation
Main Steem Isolation

Main Steam Isolation
Ma n Steam Isolation
Main Steam Isolation
Main Steam lsolat on
RHR Letdocrn Supply

EJCU Letdown

Relief Valve
Relief Va1ve

Main Steam Isolation
Main Steam Isolation
Relief Va1ve

.. Relief Valve:."..

H2E
O2E

RHR Letdown Supply
RCD'team Supply

PCV-1-14
FCV-1-37

FCV-1»14
FCV-1-26
PCV-1»37
FCV-1-51
PCV-74-48

ZS-69-1

PSV-1-19
PSV-1«31

PCV-1-3.>r
PCV-1-26
PSV-1-22
PSV-1-34.

H2E-76-39
O E-76-43

FCV-74-48
PCV"71-2

Logic
Logic

Logic
Logic
Logic
Logic
Logic

Logic

Power
Power

Logic
Logic
Power
Power.

Instrumentation
Instrumentation

Logic
Logic

2
2

9
9
9

2
2

2
2
2
2

4
7

G5-5G Recirculation D'scharge FCV-68-3 Logic

G6-6G Drywell Equipment Sump FCV-77-14B Power 6 Logic



TABLE 2 (CCET.)
Page 4 of 6

UNIT 2 - PENETRATION CONNECTORS. INS IDE PRIMARY CONTAINMENT

penetration Connector
No . No. * ~Secern Comoonene Ecnceion

No.
oi'ince

G7-7G Main Steam Xsolation
Main Steam Xsolation

'CV-1-26
FCV-3.-51

Logic
Logic

2
2

Main Steam Xsolation ":."FCV-1-37 Logic
Main Steam Xso3.ation . FCV-'3.-51 . Logic

2
2

Recirculation Suction FCV-68-3.
Recirculation Discharge FCV-68-3

Logic
Logic,

7
9

*The penetrations have connectors on both ends, only the inboard connectors are
listed since they experience the worst environment.



TABLE 2 (CONT.)

Page 5 of 6

UNIT 3 — CONNECTORS INSIDE'RIMARY CONTAINMENT

hfANUFACTURER — BENDIX

Penetration Connector '.,2

No. No. ~Te ~Sseem Comoonene Function
NOe Of
Hires

Jl '
HPCT. Steam Supply FCV-73-2 Power

J6 1 Recirculation Discharge FCV-68-79 Logic

J7 '3. Recirculation Di,scharge FCV-68-79 Power
-:, Recir'cuIatfonneSuc<ion FCV-68-77 Power

Main Steam Drain FCV-1-55 Power

. ~ 3-;,.'3'"
3

J8 1 RWCU Letdown

J9
'

RHR Head, Spray
RHR Letdown Supply

FCV-69-1

FCV-74-78
'FCV-74-48

Power

Power
Power

EB Jl
~ J2'

Relief Valve

2 Relief Valve

J3 2 Relief Valve

PSV-1-41

PSV-1-5

Power

Power

PSV-1-18 Power

J7 2 Recirculation Discharge FCV-68-79 Log'c

J8 . 2

J23. '

Recirculat"on Discharge
Suction

RHCU Letdown
E/CU Letdown

FCV-68-79
FCV-68-77
FCV-69-1
ZS-69-1

Logic

Logic
Logic

2
7
7
4

J12 2 HPC3: Steam Supply

J17 ' 2" RHR 'Head; Spray
'ecirculationSampling

J3.9 , 2... RHR Letdown Supply

J20 2 Main; Steam Isolation

FCV-73-2

FCV-74-78
FCV-43-13

FCV-74-48

FCV«l-14

Logic

Logic
Power 5 Logic

Logic

Power 5 Logic

J21 2 Main Steam Isolation

J22 2 Mai,n Steam 3:solation

J23 2= Main Steam. Isolation

J29 2 Mai.n Steam Drain

FCV-1-26 Power 5, Logic

FCV«1-55 Logic

FCV-1-37 Power 0 Logic

FCV-1-51 Power 8o Logic

25 2 Main Steam Isolation
Main Steam Isolation

FCV-1-14
FCV-1-37

Logi.c
Logic



TAttf.t.'. 2'CONT.)

penetration
4'o.

Connector
No 'I'yyc 9votem Comnonent 1'unction

No.
of'I3.re: s

ZC J16 2 Relief Valve

J18 2.: Relief'alve
Relief'alve

25 2 Main Steam. Xsolation
"Main Steatn Xsolation

J13 2 E

02

PSV-1«1.9

PSV-1-22
PSV-1-34

FCV-1-14
FCV-1-26

HP-76-39
02E-76-43

Power

power
power

Logic
Logic

3 ~

Xnstrument ation
Xnstrumen ation

ni

2
2

2

4
3

16, 2 Main Steam Xsolation
Main Stcam Xsolation

FCV-1-26
FCV 3. 51

Logic
Logic

EE Jl . 2 Recirculation Mscharge FCV-68-1

J2 2 Recirculation Discharge FCV-68-3

Logic

Logic

J9 2 HE1H LeMo~rn Suooly 1'CV-74-48 Logic

J10 2 HCXC Steam Suoply FCV-71-2

Jll ' Hecircu" ation'ischarge FCV-68-3

Logic

Power h Logic

J12 2

25 2

Drywel.l Pit1'~J.p~ent SLUAo

Main S" earn Xso3.ation
Main Stcam Xsolat'on

FCV-77-143

1"C tf-3.-37
FCV-1-51

Power 5 Logic

Logic
Logic

EFi Recirculation Mscharge FCV-68-3.
.Recirculat"on Discharge. FCV-68;3

Power
Power .,

J7 ~-" 3.

HCIC Steam Suooly

Reci'x ctQ.ation: Mscharge

FCV-71-2 Po;rcr

FCV-68-3, -Logic .

3

5

3, NOTE: Type 1 - Eendix part lfo. 10-214636-78S or P, 3.4 Contacts (2Nos.16,. 12Nos.8)
Type 2 - 33cnt1ix Part Ifo. 3.0-214628-51S or P, 3.2 Contact" (Nos.12)

2. NOTE: The penetrations have connectors on both ends that are not: part of the
pressure boundary, only the"inboard connect:ors are list:ed since they
experience the worst environment.
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CONNECTORS OUTSIDE OF CONTAINMENT

~Sstem Function Unit

No. of
Devices/

Unit Manufacturer Type

Temperature F
0

l~iuvlx'on
~Desk n mene

Main Steam 'nstrumentation . 1,2,3
Line Rad Mon

Amphenol B2-816 350 300

Reactor Water Xsolation
Cleanup and
Primary
Containment

1,2,3 Amphenol MS3106-A.-20-4P 257
MS3102-A-20-4S

170

Main Steam Xs'olation"- " ' 1',2,3
-:-";.16'ine

Leak 16
Detectors & Pri
Containment

Amphenol '"- ' MS3102-A-20-4F .; 257* .: 550 ~

Amphenol MS3102-A-20-4S

RHR Heat Exch Xnstrumentation
Disch Rad'on

1,2,3 6
2
2

Amphenol
Amphenol
Amphenol

UG1213/U
'G932/U

UG260/U

185
350
185

150
150
150

Raw Water
Effluent
Rad Mon

Xnstrumentation 1,2,3 Amphenol
Amphenol
Amphenol

UG1213/U
UG260/U
UG932/U

185
185
350

150
150
150

Rene Bldg Instrumentation
Closed Cool
Water Effluent

1,2,3 Amphenol
Amphenol
Amphenol

UG1213/U
UG932/U
UG260/U

185
350
185

115
115
115

HPCI Steam Instrumentation
Leak Detectors

1,2,3 16
16

Amphenol
Amphenol

3106A-20-4P
3102A-20-4S

257 550

RCXC Leak
Detectors

Instrumentation 1,2,3 16
16

Amphenol
Amphenol

3106A-20-4P
3102A-20-4S

25M 550

RCIC Backup , Test .,
Control Center

1,2,3 ...,l. Amphenol 69-0B-18»15 257+ 115

Fuel Pool
Cooling.

Instrument:ation 1,2,3 1 Amphenol Rept 69-OR16-105-C100 257 115
Plug. 69-6R-16-10P

+See Part II, Section C





Part II
Environmental Qualification of Electrical Connectors

A. Ori inal Testin

The original qualification tests (i.e., pressure, temperature)

conducted on the Browns Ferry penetrations and. associated connectors

were described during a meeting with le representatives on November 16,

1977. These tests did not include qualification for the electrical

connectors for the environment resulting from a postulated design basis

event or accident outside containment.

B. Steam Environment Test

Based on the discussions held during the November 16, 1977, meeting and

on the November 18, 1977, letter, TVA decided to conduct a preliminary

environmental test on selected samples of the electrical connector types

used in containment in identified safety systems to determine if they

could continue to function in a steam environment of a design basis event.

These samples were taken from the plant stock of spares and were not

thermally or radiation preaged. Attachment 1 describes the test proce-''

dures used, the connector samples tested, the test. facility, the

environmental conditions used in the test, the electrical loadings

used, and the test results. The actual test conditions exceeded

those that would be expected in the case of an actual design basis

event for Browns Ferry Nuclear Plant. The electrical connectors

satisfactorily passed the steam environment test.

The purpose of this test was to provide a rapid assessment of the

performance in a steam environment of the electrical connectors within

primary containment.



C. Evaluation of Connectors Outside Primar Containment

The critical electrical connectors outside containment are those that

are associated with the- main steam, HPCI, and RCIC leak detectors.~;.;Che.ii..„~~-.,

postulated accident environment temperature can exceed the desi'gn

temperature of these connectors. These are identified in. Table 3 with an

~ .; . ..,;, asterisk (+).:, These. circuits. are provided. to-detect. and..initiate„isolation..

signals in the event of a pipe break. Since the signal to initiate
isolation is set at 200 F and is well below the design temperature of

257o F for the electrical connectors, these connectors will have performed

their safety function before any potential environmental degradation.

These sensors and associated electrical connectors are not required to

function following the initiation of the isolation signal.

D. Evaluation of Radiation Effects

The Physical Science and Bendix connectors were specified to withstand

a nuclear radiation of 108 R. 'n actuality, the threshold for damage

of organic materials generally is greater than 10 R, with embrittlement

beginning above approximate1y .five times this value. The integrated
I

dose to affected connectors would not be expected to exceed 108 R during

the time-interval. in which they are needed following an LOCA, and the

exposure from operation to. the present time is extremely small by

comparison. Therefore, radiation damage to these connectors is not a

concern related to operation during the next few months. (See Item E).

E. Tests to Determine uglified Life Future Additional Tests)

TVA intends to establish the qualified life of all electrical connectors

both inside and outside primary containment used in safety-related



I



circuits at Browns Ferry using the requirements of lEEE Standard 323-1974,

"IEEE Standard for Qualifying Class lE Equipment for Nuclear Power

Generating .Stations." Type testing will be used to establish qualified

life with the. effects of thermal and radiation aging included. Et is

anticipated that this portion of the program will be completed within

.90 days.,
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Attachment 1

BFS 2P.
7/n/74

Date November 22 1977Unit 0 BFSTER No. 22

System
~ ~

N/A Origiriator J. E. Gibbs

Title TEST PROCEDURE FOR BRO'AHS FERRY
CONNECTORS

'ognizant Section Outage

~ I

t

Reason'or Tes or Experiment:.

To test Bendix Corporation
electrical penetrations at

SafcIy 'ie'ated

r

type and Physical Science type connectors used in
Brooms Ferry Nuclear Plant.

Non-Safety-Related X

Transmivted to HGB: Dat

'equired safety revie" and afe+y

~ PORC Reviev:
November 22. '977.

Date

analyses (3.0 C.R 50.59) have been 'pproved:

completed for
Pl

A.

B.

Un.evieved safetv oues ion
I

Tecnn'cal soecification 3.im ts

DDD a'DaoI'D Date

DDD '"'~eoI'D Dae'e

~ . Author'z.tio...o per c—..:
4

~ ~

1

~',n~i g,.2A
P3 aint Su cwiw r ~
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Unrcvieved Safety Question Determination

Originator J. E. Gibbs .'TER 1!o'2
Reference":, NONE

* gr, ~ ~

~ ~

~ ~

+Test or Erpcriment Surznary

To test electrical. conn'ectors
,and main steam line brcak,', ~ ~

to verify response to LOCA conditions,

r y. ~

Un evieved 8: "c.; 0 ."; ion
I

Xs tnc pro'"'':.' Qc="r=- nc Q" hc conse™::cnccs of
gal ~i~ction Q cui ' nt itavo ten ~ to safety 'or viQns1v
FiTin1 S»'vy AP~~"s s Re'vo» t iIlc enscdY

+84 Q»~ \ c l4lc ~

ev '-ec x".. hc

HQ, X

Justifica ion
~ ~

This is a'test that. is performed. in a test laboratory.
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'ttachment 2
(Subject 2 of 2)I

,Unrevic~cd"Safety Question Determination

|

s Is C' ~Unreuz.eyed .,af tv aue tion {Contxnwcd)

's the possibility for an accident or malfunction of a different type
than any evaluated.spreviously. in the Fina1 Safety AnaLysis Report created?

I

Yes No X

I
t

,Just ifice.t ion
I
L.

P~

~ ~

I

~Jr ~

(

L
I
H'

L p ~s ~ ~
' ~ ~a@

H
s "L-

I

I .'

L'.
~ fS

. 1!.

LI

s

*Unreviewed safetv nuestion involved (PORC).

No ~Z

IThis"is a test conducted at a laboratory fox .purposes of collecting data.
I

~ l I
\

~ ~ s~ ~

~ ~

s

I
~ ~ ~ ~ ~

~ g
~ ~ ~ ~

~ ~ r

~ r
~ ~

Xs thc ma"gin of safety as defined in he bas8. for any technicQ spec' t-'on
s I

reduced?

Zustifica ion

'This. test j.s, not performed at Brovns Peiry'Huc3ear Plant.
~ ~ ~

~ ~

~ ~ l

O'=- '."Cl'.~ CG'"'-'-
l

s

*Rsvlssd A 'ovcmb'er 2?. 1977
Date
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TEST PROCEDURE FOR BRONNS FERRY CONNECTORS

Page 1
BF STER 22
11/25/77

1. Scope

To test connectors: used in electrical penetrations for
units 1 and 2 at Browns Ferry and to test typical connectors
used for unit 3 at Browns Ferry for ability to withstand the
steam: temperature pressure profile resulting from a LOCA or
a pipe

break.'.

Material to be tested shall'. be:

"'.X"= 48-'i'n"connector,.Physical."Science type: contained in .',
~ electrical penetration type used for Browns Ferry

units 1 and 2

1 — 12-pin connector Bendix Corporation type 10-214-628-515
used on pigtails out of Browns Ferry unit 3 penetration

3. Test Setup,

Provide an environmental test chamber with dimensi'ons capable
of containing the test specimens (see figure 1). The chamber
shall be provided with a pressu"e. gauge and temperature sensors
for measuring the temperature i&side the test chamber.

3.1 Connect the pins of the connectors with w'es so as to
form a series parallel circuit which vill give a voltage
gradient within the connector as well as simulate a load
(see figure 2)

The circuit. shall be loaded to approximately 5 amperes
and a voltmeter and ammeter shal'1 be connected to the
load.

"4. -. Test Procedure:-"

4.1 Verify the initial status of the penetration connector
and the separate 'connector'or voltage integrity. Megger
'p'in'to, all:-other'ins and shell combined.. Check for .

current continuity'through the connector.

4.2 Energize the connectors from a 250 V dc source. Bring
the environmental chamber to the initial condition of
150 F.

4..3 'Admit steam into the environmental chamber at flow
condition= so as to achieve a stabilized temperature
of 322 F. Hold this condition or 5 minutes. Record
all voltmeter, ammeter, pressure and temperature readin'gs
at. each major change in profile and each hour.

QFci,c) 3Q CQ(77%/
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4.4 Reduce pressure at 0.7 lb/minute to reach 36 psig
and 282F in 69 minutes. Then drop the pressure imme-
diately to 15'psig (approximately 250F). Thereafter
reduce the pressure at 1.0 lb/hour until atmospheric
pressure. is reached at 16 hours into''the test (212F).

F

4.5 'thereafter drop the temperature at 74 F/hr a
atmospheric pressure until 150 P is reached. after

,24 hoursinto the test. The profile curve is figure 3.'

O'; Criteria""''. ' '

5.1 The connector shall carry the required load at not more
than 109 reduction in voltage 'after the full duration of
the test.

~ i ~
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~ ~
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DATA COVER SHEET

GEriy gt j
This data package includes test data sheets;-

Instrument Calibrated
;Verified By Dat

Acceptance Criteria ifet
~Yes No

Data Takers/Organization g I o.y L+i'/IC'c, ~:

I ~

Dates Test Per for@md

~'c/"J ~=-
TIPP ( .;<)

I

/ d
.

~ .- 7~ / yP~-)
8'1 +/ya„vore I 0+r C 4. s. .)

~we g,Jj~~, g4~

/3
Reviewed by Cognizant'Engineer

/
ReViaued by Re "ulte deo:icn SuPerV Or Ura C'l~m (~o 'r<li7gi~.

() ,)Reviewed by Quality essurance supervisor 7 ~ct x'l'I I
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STER'2

TEST'ATA/BROHNS FERRY CO'iiECTORS

'I

Pin Connector Model Number

STEP '- ITEM RESULTS BY/DATE

'.1.a

4.1.b

t
Verify proper hook up for connector
(test item 82,'f'igure'', for 48-pin
connec'tor; te'st" item.N1;- figure 2, for
12-pin connector)

l

Meggor: pin to all pins and shell
combined

pin to shell

5 Ohms

Cf

lc/
OX QQi+ / 4

Verified

4.1.c Verify current continuity
I

OK ~

'.2.a

4.2.b

4.2.c

Energize connector from nominal 250 VDC
source (verify)

Load voltage

Set load for connector so as to give
load current of 5.0 + 0.5 amps (initial
values)

OK

Q 47. 0 Volts

Amps

Verifiedcrc

qc'.2.d

Initial test chamber pressure
and, temperature

psig
erif-'ed

4.3.a 'Admit steam,'"bringing temperature to
322 + 5'.
Also note start time of the test (tO).

W 8'sig

C:4S: 4

Ve .'fied

4.3.b Stabilize temperature "nd pressure at
322 + 5 F.

/~f
4.3.c Shen stabilized, record load current and 4. f6

voltage.
Load:Z4

amps

volts

'.«d~b~
gc

Input
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Connector

STEP ITEM RESULTS BY/DATE

4.3 (Continued)

4.3.d Maintain in
5 minutes;
vOltage at Load

Input

r»
~
l

1
c

s tab ilized - icondition"for
record load current and
end.

. P7'mps

N 4'- 7 Volts

xo

r n

I C



Connector

age 10
BP STER 22

. 11/25/77

STEP TTEN

4 '

RESULTS BY/DATE.'

'-

Repeat at three 5
minute intervals /r~o= s time

amps
load ~>~revoltsinput g~qvoits

.4.4.a Reduce pressure at o.7 psig/
minute to 282 P at 36 psig
'in one hour; record initial
load currant and voltage. /o~o',onetime

g c~amps
load ~4-p~volts

input . ~~ volts
verif ed

verify'.ed

//.or-. gs. time
4. q 4-amps

load»4 y. Tvolts
input Miv volts

veri ied

g/." 1z::zs time
~~3'amp s

load ~e volt--s
input ~.su volts

verified

- 4.4.b Drop pressure immediately to
150 sig. Record load current
and oltage.'.

' '1 ~z;ol time5A~glJ $g Q5Q l- /S ','mps
'oad ~yb~volts .

input ~~volts
verified

4.4.c At hourly intervals; reduce
the pressure by 1.0 0.5psig

. Record time of press re
reduction, ne/r pr='ssure (psig),
load'urrent and vol ace. Repeat'or 15 hours until 212OP at
atmospheric pressure is
obtained.

~ c~ V)(j /) i



'Connec tor;, u,
X'albt J g,

BE STER 22
11/25 /77

STEP ITEN

4.4.c (Con inucd)

RESULTS BY/DATE~( //PqI

I'
~ d

I
'I!'o~d, 2 4$"' V

~ i (I

Input
.'OZ T Q / f~~c-.

'Load 2 4 '7 4'7 V

l~s't5
A

Load 2CF~g ~ 3 V

~a*
P

~ ~

A

Load" 'I
l7r'd5 '<9 T

/cP. N .P

cF~~
I

/((~(TV
Load

'Lapue ~+~~1
gg.'og,'.

Q)d Fj(( it/)',f CQQ lf
9~7 A

,Load Z- 8 5 ~ 6"&.

Input Z SW V





;. Connector
EF STER ZZ l:
11/25 /77

STEP ITPi1

4.4.c (Continued)

~ ~

>C)

l

'I

0

RES UI,TS

. /,'O5'r'9 T

Load >9>, W V

Enput Z- V

7 '

6'v
~.oad <'/<. V

Input % ~l ~/

O';.DATE
~ )

. II/a
j r ~ ~

'- I, ':.
.5 I lf~ rr

'j~i~.

~
!

7g/(!I/aS)>
6 ~ rr'P

i
~ ~ 1 l

I

r

A

Load P'I $ , < V

3'nput g S 4

P
~r'/.7" A,

/
Load- gqg, ~

78 I( Ii.y

Load
'Input

~/
2'/5; 9 V
.-.a.S P V ~ p
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STEP ZTEH

4,4.c '(Continued)

Load

lnpu t

RESULTS

c2. p

'/.~7 .

488'. v..

v'-'d>'R

/ T

BY/DATE

74 /ri "w

~ ~

Load

Input

I, p

Q,S& A.

ZVS0v
v

7.'5 ' "/

G'p
9 ~

Load &99 P 7 V

Input we v

(rC

/c qg 77

A

~ / ~

Loa

put

4.5 At hour1y intervals, recuce
temperature by 7-'> F/hr. Record
time of temperature reduction,
new temperature, load current
and voltage. Repeat unt' 150 F

is reached after 24 hours into
the test.

"S",UilP"l '~:1 P'A>..~:P
- d il d~~jz'g Q
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.Connec tor
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STEP ITEE

(Continued)

RESt<TS l'Y/DATE

'2 0 Y /" temp

'5
J

~ [I

Load' J'9; Q

Input'. g. 9 0
5,'oa:,~v T

' ~
* 0 'emp.

~8/(

Load 2 ~/5; y
Input ~~p

temp

kiri'i-.-

~ ~

~d. PC *

d a<R V

Input V.n~g.
W temp

~ ~ ~

4 S7'/.
L'oad. @PAL; Q.

Input

'

74 /-'emp

Load 2 'g7 Q V

ii
C aggrr

emp

p t~,r,ap
~ ~~ ~ <

Mixed

~Load Q .i . 7. ~g

Input T gy p>
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DATA COVER SHEET

~2 ( AL Ton/
This data package includes "test data sheets.

I

Instrument Calibrated
Verified By

~ ~

Da e

Acceptance Criteria Net
Yes No

Data Takers/Organization Rc

~ I

Dates Test Performed

Reviewed by Cognizant'Engineer

Reviewed by Results Section Superyisor

Reviewed by Qua].ity Assurance Supervisor

C W'
~

Gd J~'gQj~p~ pQpp
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STER 22

TEST DATA/BROIPilS FERRY COKiECTORS

~+Z.Pin Connector

STEP

4.1.a.

4. l.b

4.l.c

Verify= proper, hook. up,for connector
(te'st item 82, figure 2, for 48-pin
connector>,. te'st. item'I'1, figure 2., for
12-pin conn'ector)

e

Hegger: pin to all pins and skell
combined

pin to shell

Verify current. continuity

RESULTS BY/DATE

OX MS-
Verified

M/inca.du ~ I

/ e

',%%d
C,g<C'cC t. 6

OK. g,/,«.J z~(~

4.2.a

4.2.b

4.2.c

Energize connector from nominal 250 VDC
source (verify)

Load voltage

Set load for connector so as to give
load current„ of 5.0 + 0.5 amps (initial
values) 4-' ~ Amps

OK Q>.3 / ~~

erified
> 4- Z Volts ~ 7:~ /» ~

p

+r Y-7~// /.~Xg

,QC

4.2.d Initial test chamber pressure
and temperature

psig

o'wo

~7'zpS~ I
'er&ied

4.3.a" " Admit steam,'.'.bringing temperature- to.
322 + 5'.
Also note start time of the test (tO).

> F psig

3Z. Z F.

~. 4S ." l 4- Start time

(0 ~

erified

4.3.b

4.3.c

Stabilize temperature and pressure at
322,+. 5 F.

Shen stabilized, record load current and 4 F~
voltage.

Load ~42

time

amps

volts

/lerified

)/1 ')/> /. i
QC

Input 7 8 / volts

B~~ j~l).l C~Ap M
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STEP ZTEM BY/DATE

4.3 (Continued)

4.3.d Maintain in
5 minutes;
voltage at

'

I

stabilized condition for
record load current and
end Load

1

Xnput ~mO

~/I I„,,
Q'C
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STEP ITEN RESULTS BY!DATE

4 '

4.4.a
~ 1

„gA o2.."gs time
~ cg.~ / ampsload'w. 'olts

.input > .g') volts

Reduce pressure at. o.7 psig/
minute to 282oF at 36 psig
in one hour; record. initial
load current and voltage. za:,s>. o 4-time

~z amps
load ~vr!,-, 'olts

.-* ": ~:,' ." ';, . input::.. ~~~ volts
Repeat at, three 5.
minute intervals

//7. r'7 /+!! =r.
vera.f ed

I

I
'I

rl,r)/I
veri ied

// o7:~'ime
rl,~o amps

loacl -rag " volts
input zw'c: volts

veri ied

y):~~5'ime
~4., 'mps

load ~uz. o volts
input ~c'olts

ver'if'ied

Zz-:col <otime~amps
'

. load'u: s volts
input ~svo its

., 4.4;b Drop pressuie immediately to
150 psig. Record load current

" and ol'tage.' ..; I,)„-<z>:" 't'CS- I"

..'~ f 'J" veri ied

4.4;c At hourly intervals, reduce.
the pressure by 1.0 0.5psig
Record time of pressure
reduction, new pressure (psig),
load current and voltare. Repeat
for 15 hours until 212 P at
atmospheric pressure is
obtained.
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STEP ITEtf

4.4.c (Continued)

~ ~

'»

»

RESULTS

~4. I3:.al.-g ~
l4'

4,
T9'oad

Z42- 4- V

a"./DATE

.IF

fl

jry~g

Input ~ 56 V

-/4";O Z.- z 'f T

I
I

/~i.
~ ~ ~

» 1

Load > '7-3- 3 V

Input ? 5 0
»~s:: »

l4,
4'. 77 A

»

Load a~i P4 v

»I

'

~ ~
o.. p

InPut R EO V

8;d.5; ZV. T GWQ /~~/p.

/ ~ I

»

Input
/,'o

'7 V

'Z. T czw» /~'/w

Load
Input

9~~7 A
-~~~ --P.. /I/:c/~~

'1" ll P'~l" iQ$

T

~
f'- p

cz~ /rQ~=

'oad fZD V

Input Z- W C>



~,

Qonl1ec toz
rr a jr;:<
13/ZS /77

Gl'EP 'TE f

4.4..c (Continued)

7

~ ~

7 ~

RES\ILTS

ZFc D5 ~ ZQT

SY/DATE

rr/Zg

Lad >+/ Q V

Input ".

I;oad

Input

p

KAJC /i~
~ ~

h

Load

Input

Q</:Z, 0

~ l4

7

'h

Input P, K

~Y
p

~~r~l4 / r.y

Load
'Input

V.

~2
Input
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STEP
ITEN'.4.

c (Continued)

RESULTS BY/DATE

~ ~

Load

Load

Input

P

6.'7 S- A

'K /N Iv
P..s 0, v

l p

.77 A

gP/, 7

WA /(

Input

3:CS '>0 T
/7+

~/. VY A

Load

.,w ', ~

Input

'A4P' g~-~("CI

ZC2 py

~s'o v

Load V

~ Input

4.5 At hourly 'ntervals,
reduc'Pempcratureby 7-"„- F/hr. Record

time of temperature reduction,
new temperature, load current
and voltage. Reoeat uncil 150 F
is reached after 24 hours into
the test.

l ( SP
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...Co >nector ~~AZ . <gJ
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smp xTR"~

4.5 (Contienued)

RESULTS

.'05 '. T

ck 0 / I
temp'.

7ro

~ mad R'IP, &V

Input 50 . V

37/DATE

M/(i"A

~ .-:j I /

l. 7'>

2//,7 V

g e ~ gj

/ temp
1 ~ ~

I ~

Load ~ 42. 2 V

Input 2 4 9'. 0 V.
4

~ $

~ ~ ~

/- temp
e

e

7 ~ A.
I

Load N 4 2..7 V

~ '
e

I i!'„',

/7geg. temp E

Load 0/. 6:
'Input '

.5 n

A

.gF.'Q]t~8I Q p Q p~g
':L

/. -,'S + temp >





Coococtot~lM ofr P.jp&

STEP 'TEM RESULTS
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BY/DATE

4.5 (Continued) 27'0
temp

/gy/gw.'

~ ~ A

Load 0

~ '" ~ ~ ~ ~ I ' '''" Input '" +04 V..„

II

I

I ~

temp

A

Load >VI ~ C Z V

Input

Test Data Verification: l~ ~ ~ c ~ - 4.'b'l 77 V ~ +.> ~<" 4 tg V
Q Inspector/D .. Test Engineer/Date

P
~ ~

/
/

4



Part III
Justification for Continued Operation

TVA 'co'nsiders the tests and evaluations described in Part II sufficient

to permit the continued operation of the facility without creating undue

risk to the health and safety of the public for the period it will take

to fully environmentally qualify the connectors. This position is based

upon the low probability of the events that produce adverse environments,

the supplemental. testing. that demonstrated that the connectors within

containment can continue to function in a postulated steam environment,

the short time required for critical connectors outside containment to

function before exceeding their design temperature, and the connector

resistance to a radiation environment.
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